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A Btudy of Phosphorus from Steamed Bone and from
Natural Rock Phosphate, in Relation to the
Yield of Grain, and the Strength of Straw,
of Oats, with Special Reference to the
Principal Types of Soil in Cass County
Illinois.
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The object of this experiment in soil fertility is
mainly for three purposes: First, to ascertain the effect of
the application of phosphorus upon certain soils of Cass
County; second, to determine, if possible, the relative effe-
ciency of Steamed Bone Meal as conipared with Blue Tennessee
ground Rock Phosphate, both applied in equal money values
alone and in combination with fertilizers produced upon the
farm; third, to study the effect of the application of phos-
phorus upon the strength of straw.
In conducting this experiment, samples of soil were
collected during the first week of November, 1904, from five
different fields, of var^-in^^ productive capacity, which con-
stituted three distinct soil types.
Care v/as exercised in selecting the location from which
a sample v/as taken, in order that it might represent a fair
average of the type.
Each san?)le consisted of four bushels surface

2soil, taken to a depth of five inches; also four bushels of sub-
surf Euje soil, taken from a depth of five to ten inches.
The sacks in which sairples were placed were properly
labeled so as to avoid confusion, and after all samples had been
collected, they were shipped to the University, and then taken
to the Greenhouse of the Agronomy Department, where the experi-
ment was conducted,
A fairly complete history of each of the fields from which
samples were taken was obtained, and the exact location of each
field, according to government survey, was recorded.
Location and Description of the Fields.
Field A.
Location by Government Survey.
N. W. 10 of the N. E. 40 of the S. V. l/4 of Sec. IS, Twp, 17,
R. 9. W. of 3rd P. M.
This soil is considered the most fertle one of the group.
It is a deep dark prairie loam, level, and not well drained, but
never the less a good productive soil.
The surface five inches of this soil did not differ much
from that of the second five inches, except that the lower soil
was more granular. The surface of this soil at the time of
taking saiBple was very cloddy and hard. There was a very poor
stand of clover on the field, but none where sample was taken.
This field was first broken about fourty years ago, and has
been cropped almost continuously with Corn, wheat and oats, and
its yield during the past few years has averaged from thirty to
fifty bushels of corn or oats per acre. This field was in corn

3during 1902 and 1903, and produced oats in 1904.
Field B.
Location
S. W. 10 of the N. W. 40 of the S. E. l/4 of Sec. 18,
Tvjp. 17, R. 8, W. of 3rd P. M.
This soil is similar in type and general appearances to
A, but is slightly lighter in color, and is not quite so pro-
ductive, owing to the fact that it has been under cultivation
for a longer term of years. It is also naturally better
dradned than A. The surface and sub- surface did not differ to
any extent, except that the lower soil was very granular. This
field produced corn in 1902 and 1903, and an exceptionally heavy
crop of millet in 1904, which was necessarily a very great drain
on the store of soluble plant food contained in the soil,
Field C.
Location.
S. W. 10 of the S. W, 40 of the E. l/4 of Sec. 18,
Twp. 17, R. 8, W. of 3rd P. M.
Soil C, although of the same general soil type, differs
materially from A, and B in that it is more rolling land, and
is slightly lighter in color than B. This field has been under
cultivation for seventy years, and it is telling greatly upon
its productive capacity. Com fires on this field very early
in the season, and thirty bushels per acre is more than an

4average crop.
This soil was in excellent physical condition at the time
sanqple v/as taken, and the surface and suh- surface was very
j
similar.
Thie field has "been under my personal observation for
several years, "but I have never seen a rank growth upon it. It
j!
produced corn in 1902, oats in 1903 and corn in 1904,
Field D
Location
I
N. W. 10 of the N. E. 40 of S. K. l/4 of Sec. No. 12, i
Twp. 17, "R, 9, W. of 3rd P. M.
Soil D is a different type from A. B. and C, , in that it
is a light brown silt loam, very rolling and washes badly. One
!| thing noticable in this soil was that there was an abrupt
change in color at the plow line, the sub-surface soil being of
a marked red color.
This soil is verv much lacking in organic matter, produces
small crops, and should be seeded to grass and used as a per-
,
menant pasture. Corn was produced on this field in 1902 and
1903, and oats in 1904, Clover was sown with the oats, but
||
I!
'
it resulted in a poor stand, and there was none where san^le
!
was taken,
j
i; Field E
i
Location
S. 'V. 10 of the S. E. 40, of the S. E. l/4 of Sec, No. 1,
Twp. 17, R. 9, W. of 3rd P. M.
ii

5Soil E. Constitutes the third distinct type. It is a
gradation from the timber soil of a dull lead color, and was
slightly rolling where sample was taken.
This soil, v/hile not as deep ob fertile as A. and B. is
fairly productive. It was in grass for several years, and
has not produced as many crops as the other soils. TOien sample
was taken it v/as in good physical condition, and there was no
marked difference "between the surface and sulo-surface , This
field produced corn in 1902 and 1903 and oats in 1904.
Chemical Analysis of the Soils
The percentage of of nitrogen, phosphorus, and potassium
contained in the above soil samples was ascertained by chemical
analysis. The methods of analysis used were essentially those
adopted by the Association of Official Agricultural Chemists,
as published in Bulletin No. 46, U. S, Department of Agri-
Culture, Division of Chemistry.
The results of the analysis are given in the following
table.

r
SulD- Sub-
!
SuTd-
Surface 5" Surface 5" Surface 5" Surface 5" Surface 5"Surface5'*
No. Nitrogen ' Nitrogen Phosphorus Phosphorus Potassium Potassium
A.
B.
C.
i'D.
.254 %
.22 "
.172 "
.083 "
.16 "
.231 fo
.206 "
.148
.059
.126 •*
Normal
Fertile. 30 "
Soil
.076 ic
.065 "
.059 "
.039 "
.054 "
.10 "
.073 i
.061 "
.052 "
.034 "
.049
.404 %
.398 "
.327
.221 "
.344 "
.25 "
.412 %
.400 "
.349 "
.209 "
.342
According to the ahove analysis each of the five soils are
deficient in both nitrogen and phosphorus, while all the soils
but D. are far above normal in their content of potassium.
With this condition existing
,
it is obvious that an
application of potassium would not be warranted, v^rhile on the
other hand an addition of nitrogen and phosphorus should be
expected to improve the productive capacity of these soils.
Plan of Pot Culture
In order to carry out this experiment the plan of pot
culture was as follows.
Por each soil ten pots were prepared and marked in the
following manner.
Pot No. Mark Treatment Applied

7Pot No, Mark
1 0.
1 0.
2 R. P.
2 B. P.
3 Mnr. R. P.
3 Mnr. B. P.
4 Clo. R. P.
4 Clo. B. P.
5 Mnr. Clo. R. P.
5 Mnr. Clo. B. P.
Treatment Applied
ITothing Applied
Nothing Applied
Rock Phosphate Applied
Bone Phosphate Applied
Manure and Rock Phosphate Applied
Manure and Bone Phosphate Applied
Clover and Rock Phosphate Applied
Manure and Bone Phosphate Applied
Manure, Clover, Rock Phos, Applied
Manure, Clover, Bone Phos. Applied
The letter indicating the soil number was always placed
in connection with the above on the pots. With each soil there
were duplicate checks without treatment, namely the No. 1 pots.
The No. 2 pots contained phosphorus alone in the two forms
named above.
The No. 3 pots contained manure in connection with the
pho sphorus.
The No. 4 pots contained the ground clover plant in
connection with the phosphorus.
The No. 5 pots contained both manure and clover in
connection with the phosphorus.
The above plan contained in every instance a check of the
rock phosphate against the bone phosphate, either alone or in
connection with the manure or clover, or both, as well as a

8check upon the soil its self with the jars where nothing was
applied.
The Rock phosphate and Bone phosphate were applied in
amounts representing equal money values, or in the ratio of
6 grams per j ar of Bone phosphate, as congpared with 18 graros
per jar of the Rock phosphate.
The manure was applied at the rate of 62 grams dry matter
per jar, equivelant to 5 tons dry matter per acre or 20 tons
ordinary manure per acre. Horse manure was used.
The clover used in the experiment was collected in the
fall, and the roots and tops washed, dried and finely ground
and applied at the same rate as the manure, on the dry matter
"basis.
Each pot was labeled so as to show the field, the nuraher
of the pot, the combination of fertilizers used, and the
initials of the experimenter.
To illustrate, the pots numbered 5 of field A were labeled
thus
:
This shows that the one contained manure and clover in
combination with Rock phosphate, v/hile the other contained
manure and clover in combination with Bone phosphate,
Filling the Pots
The pots were filled in the following manner. There was
Labeling the Pots
5
A
Mnr. Glo.
R. P.
L. E. S.
5
A
Mnr. Glo.
B. P.
L. Yj» S.

9a small hole in the bottom of each pot, in order to furnish
drainage, which was covered with a small piece of copper
netting and some glass wool. Enough sub- surface was then
placed in the pots to make it five inches deep after it had
been tairped in order to settle it, no fertilizers being added
to the sub-soil for the reason that it is not practical to
do it in field practice. Enough surface soil to make it five
inches deep after it had settled, was then weighed out and
mixed with the fertilizer or fertilizers intended for a certain
jar, and then the mixture was placed in the proper jar. All of
the pots were filled in the above manner.
The soil by this time had become very dry, containing not
more than five percent of water.
All the pots were then watered alike, and kept in a good
moist condition so that the dirt would have an opportunity
to settle and get in good physical condition before the crop
was planted. The above work was completed about two weeks
prior to the time of sowing the oats.
Planting the Seed
All pots were planted on the 11th of Eebruan'", 1905, the
soil being in perfect condition for the receition of the seed.
Silvermine oats were used, first being sorted by hand, and only
large plump seed planted, which weighed at the rate of 3.373
grams per hundred seeds. The oats were planted to a depth
of one inch in a nicely prepaired seed bed, 25 grains being
used per pot, in order to insure a uniform stand in all the. jars.
On the 18th of i'ebruary all had germinated, and many had
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made their appearance at the surface of the soil. The plants
were thinned to 17 per pot on the 4th of March, and on the 10th
of March they were further thinned to 13 per pot. Clover of
the common red variety was also sown among the oats on the 10th
of March, After the clover was sown the ground was slightly
stirred, and then watered.
The cover was all up and growing nicely by the 21st of
March, and was thinned to ten plants per pot on the 1st of May.
Temperature
Within the next few days after the oats were planted the
mercury dropped to 17 degrees below zero, which caused it to
be very hard to keep the greenhouse at a temperature suitable
for plant growth, and as it was cooler nearer the windows the
plants there did not grow as rapidly as the others. The
temperature during the cold months was kept down rather low,
but as spring advanced it was allowed to rise until finally
the weather became warm enough so that no artificial heat
was used.
Watering
After the plants came up they were watered three times
per week. The plan was to keep in each pot about the same
degree of moisture. As spring advanced the number of hot
sunny days became more numerous, the plants also increasing
in size required more water, and eifter the first of April they
were watered every day. Good cistern water v/as used and it
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was applied late in the afternoon of each day.
Light
The pots were arranged as well as possiMe to exclude
errors which mip:ht be caused by an unequal amount of sunshine,
but it was not thought necessary to take any measures to prevent
to much direct sunlight.
Growth and Development
It was thought desirable to keep records of the plants
with regard to rapidity and density of the growth, as well as
by noting their color and general condition. Although the
oats were planted on the 11th of February there was no marked
difference noted in the growth of the plants on the different
soils until the P.lst of March, although a slight difference
had been noted before the above date,
A photograph of the complete series was taken on March 21st,
and the difference in grovrth of the plants in the pots containing
clover arid phosphate as a fertilizer Vv-as very evident as com-
pared v/ith the growth on the check pots which contained no
fertilizer; the difference being in favor of the fertilized
pots. In each of the five soils the effect was the same, but
was due principally to the effect of the nitrogen v/hich was
turned under in the clover used as a fertilizer. This fact is
indicated for th reason that pots No. 2 where phosphorus was
applied alone were not ahead of pots "Mo. 1, which were checks
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and contained no fertilizer whatever,
For some unaccountable reason manure when applied alone
with phophhorus, as in pots No. 3, proved a hinderance to the
growth of the oats, hut when applied in connection with clover
as in pots No. 5, produced a slightly greater growth than pots
No. 4. The above held true with soils A. B. C. and E, , but
D. alone proved sjn exception in that the manure was a hinderance
where ever applied.
It is a well knovm fact that in practical faniiing mnure
is a benefit to all these soils, however it did not prove
beneficial in this experiment, which is probably due to the
fact that too much manure was applied, v^hich proved a hinderance
to its productive capacity, except where it was applied in
connection with clover, which seemed to counteract its harmful
effect in every soil but D,
Owing to the large amount of fertility stored in soils
A. B. C. and E. , the fertilizer did not produce as marked an
effect as might have been expected, and owing to the fact that
the effect of the fertilizers v;as so similar on each of the
above soils, it is not deemed necessary to give separate
descriptions of the growth and development of each of these
soils, but to spesJc of the four collectively. The growth
on soil D., being different from the four above soils, will be
spoken of separately.
The growth on soils A. B. C. and E was vigorous from
the start, the only marked difference seen was in pots 4 ^nd 5
which was in every case from 3 to 5 inches taller than the rest
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of the pots, they were also darker in color, and steeled more,
making a more dense growth and showed in every way that they
v;ere hetter nurished. The dark green healthy color so
noticahle in pots 4 and 5 was due to the nitrogen turned under
in the clover.
This condition continued until May 10th, at which time
pots No. 2 averaged slightl;^' better than either pots No. 1 or
3. Pots No. 4 and 5 v/ere ahead through out their entire growth,
with pots No. 5 slightly ahead of pots No. 4. Pots No. 2 also
remained ahead of the checks.
Soil D., according to chemical analysis, is very low in
nitrogen which ca.uses nitrogen to he the limiting factor in
the production of crops upon this soil. This fact v/hich was
ascertained hy chemical analysis was clearly demonstrated by
the way the oat crop developed on this soil, in that there was
no improvement v/hatever in any of the pots that did not contain
clover as a fertilizer. With clover aided on this soil the
difference in growth was very marked in that the plants stooled
more, were larger, darker in color, and produced more heads of
a large size.
The oats were cut on the 26th of June 1905 after v/hich
they v:ere thoroughly air dried, thrashed, and weighed, a.nd the
results of the same will be given later in tabulated form.
The clover that was sown among the oats on the 10th of
March was not disturbed by the removal of the oat crop in June,
but was taken care of during the summer, and not harvested
until the 18th of September. It v/as then thoroughly air
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dried, and weighed, the results of which will be given later.
Veiffht of (Date (Grain)
I
?iTotal for
Pot No. Soil A Soil B Soil C Soil D Soil E , 5 Soils
' X . u XX • X gr • 13 1 &* • 11.0 5,1 pr. 13.0 gr. 53,3 gr.'
1 11 1 n 14.
1
II 9. 6 II 5,8 tt 13,1 " 53,7 It
ll 2 R P 16- 3 ff 12, 3 n 14. 6 tt 5.1 n 11.2 " 59,5 n
? B P 16-5 tt 15. 2 11 15. 5 tt 5.6 It 16.2 " 69.0 II
% Mnr R PW -will • • 13. 4 n 11- 8 It 9.8 It 5.0 It 13.0 " 53.0 n
% Mnr B P n 13 5 It 8. 3 tt 5.1\J # J!* II 9 4" 54,4 tt
4. Clo R P N 21,9 It 23.2 n 12.4 ti 106 7J.V.J » ' It
4 Clo.B. P. 26.1 It 21.5 n 27.6 tt 16.2 II 23.8 " 115.2 tt
5Mhr.Clo.R.I 38.4 n 25,1 11 26.1 tt 14.5 II 22.7 " 116.8 tt
5Mnr.Clo. 28,.4 n 30.1 n 23. 6
It
11.2 It 24.2 " 117.5 n
B. P.
Total for
nOlX
195.6 ti 178.6 II 169.3 ti 86.0 ti 169.6 " 799.1 II
Total Por
P'-P* Series 94.4 n 83.7 II 83,7
It 42.5 tt 83.0 " 388.3 It
' Total for
B.P. Series ^00.2 It 94,9 It 85,6
i
n
j
43.5 n
j
86,6 "
1
410.8 n
The ahoYe table indicates that the application of
nitrogen and phosphorus would greatly increase the productive
i
capacity of these soils. Pots No, 2, where phosphorus is
applied alone, gives an increased yield, but where clover is
turned under in connection with it, the yield is more than
double th--t of the check pots. This result shows very
conclusively the high value of clover as a soil improver v/hen
;
used in connection with a phosphate fertilizer.
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The statement made of the effect of manure in the
discussion of the growth of the plants,
,
are suhstartiated m
the yield produced on pots No. 3 nnd 5, which contain manure
as a fertilizer. i
1
Average Weight per 100 Kernels
Pot No, Soil A. Soil B. Soil C. Soil 3. Soil E.
Average
5 Soils
1
'
1. 2.69 gr, 2.67 gr. 2.60 gr. 2.46 gr. 2.68 gr. 2.62 gr.
1. 2.67 " 2.71 " 2.52 " 2.47 " 2.70
" 2.61 "
2. R. P. 2.7 " 2.7 " 2.77 " 2.54 " 2.78
" 2.7 "
2. B. P. 3.0 2,75 2.82 2.58 " 2.90 " 2.81 "
3. Mnr. R. P . 2. 75 " 2.75 2.66 " 2.54 " 2.73
" 2. 69 "
o > iuiir . -O . It , 2.96
"
2.95 " 2.60 " 2.49 " 2.67 " 2.73
4 Clo. R. P. 3.0
"
2.9 " 2.89 " 2.79 " 2,94
" 2.9
4 Clo. B. P. 3.1 " 3.05 " 3.15 " 2.87 3.0
" 3.02 "
5 Mnr.Clo.R.P .3.05 " 3.0 " 3.1 " 2.85 " 2.95
" 2.99 "
.3.25 " 3,05 " 2.97 " 2.76
1
3,1 " 3.05
Ave, I or ooii 2.92 " 2.85 " 2.81 " 2.64 " 2.85
" 2.82 *•
Average for
R.P. Series 2.84 " 2.80 2.80 "
!
2.64 " 2.83 " 2.78 "
i
Average for
B.P. Series 3.00 •»
.1
2.90 " 2.82 " 2.64 "
I
2.87 "
1
2,85 "
The seed planted weighed 3,373 grams per hundred, hut
owing to the fact that they were selected "by hand in order to
obtain large plunip seed, the average of their produce should
not "be expected to equal them in weight. However the above
II
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II table indicates clearly that the weight of kernels were
increased "by the application of phosphorus alone and in
connection with clover.
Weight of Straw
•
"W
Pot Ho. Soil A DO IX R c Soil • Soil
Total for
5 Soiis
1 0. 14.7 22.1 gr 13.4 gl • 8.0 gr 17,8 gr- 76,0 gr
1 0. N 22.3 N 13.7 It 6.9 It 19.3 It 76.2 "
2 R P 19.8 II 18. 7 It 19.0 It 6.8 It 14.7 It 79.0 "
on r»dU . f II 22.2 n 19.8 II 10.6 n 21.8 It 95.1 "
3 Mnr! R.p! 16.1 n 12.3 II 12.9 It 6.9 H 18.5 It 66.7 "
3 Mnr. B.P.
1
23.0 II 14,8 II 12.4 II 7.0 It 15.4 II 7 2.6 "
4 Clo .R.P. 26.4 26.5 n 26.7 It 14.3 It 26.7 II 120.6
• 4 Clo. B.P. 34.8 n 36.1 It 34.4 n 19.4 ti 26.2 II 150.9 "
,
5 Mnr. Clo. R.P 30.8 n 29.4 II 32.4 II 17.3 It 26.1 II 136.0 "
5 Mnr. Clo. B.P 32.3 « 42.8 II 32.5 It 14.7 It 30.9 It 153.2 "
Total for
Soil 232.6 n 247.2 II 217.2 It111.9 It 217.4 It 1026.3 "
Total for
R.P. Series 107.5 n 109.1 n 104.6 It 52.8 II 104.1 It 478.1 "
} Total for
B.P. Series 125.1 It 138.1 11 112.6
...
11 59.1 It 113.3 It 548.2 "
It is a scientific fact that nitrogen produces a more
vigorous plant growth, while phosphorus tends more to increase
the grain yield. This experiment, as shown in the above
I
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table coensides precisely with the above facts.
Method used in Obtaining the Breaking Strength of Straw
The straws to be tested were of average size, cut
exactly three inches in length from between the third and
fourth joint of the straw. The apparatus used consisted of
one pound of shot, a board frame one foot square, through one
side of which an auger hole two inches in diameter was bored, and
a small tin pan, supported by three wires which were attached
together above the pan in such a way as to form a small hook.
In making the test these three inch straws were placed across
the augher hole with the middle of th straw over the center of
the hole, thus supporting the straw by one half inch at each end.
The wire hook referred to above was then extended up through the
hole and hooked over the middle of the straw. Shot was then
carefully poured into the pan until the straw broke. The pan
and contents were then weighed, thus giving the breaking strength
of the straw. In order to get a correct average of the breaking
strength five straws from each pot were tested as shown in the
following table.
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Breaking Strength of Straw
|l Average of 5 Tested to Each Pot
Pot No. Soil A Soil B Soil
1
C Soil D Soil
1
£
Average
5 Soils
1 1 0. 222 gr. 210 gr 187 gr 160 gr 191 gr
I
194 gr
1 0. 213 n 208 11 193 •! 152 " 195 It 192 "
1
2 R. P. 275 It 247 n 208 t1 195 " 204 n 226 "
2 B. P. 269 n 254 It 219 II 187 " 228 11 231 "
3 Mnr. R.P. 288 II 284 II 191 II 143 " 209 II 223 "
1
3 Mhr. B.P. 280 n 292 It 185 It 148 •* 184 It 218 "
II
jl
4 Clo. R.P. 283 II 279 II 267 II 207 " 270 It 261 "
4 Clo. B.P. 298 It 293 II 289 n 231 " 282 II 279 "
5 Mnr. Clo. B.P. 351 It 363 n 372 It 243 " 301 It 326 "
5 Mnr. Clo. B.P.
i|
377 It 392 II 340 ft 216 " 312 It 327 "
Average
for Soil
!i
286 n 282 It 245 It 188 " 237 II 248 "
Average for
R.P. Series
'i
283 It 276 II 245 It 188 " 235 II 248 "
Average for
B.P. Series
1
288 It 288 II 245 It 189 " 240 11 250 "
Average for
no Phos. 217 II 209 It 190 It 156 " 193 n 193 "
The breaking strength of straw was greatly increased
by the application of phosphorus as a fertilizer. The effect
of the application of phosphorus alone is brought cut clearly
in pots No. 2, v/hich contain phosphorus, as compared with
pots No. 1, which are checks. Pots No. 4 and 5 show an increase

in the strength of straw over pots No. 2, which is due to the
combined effect of both nitrogen and phosphorus.
Weight of Clover
Pot No. Soil A. Soil B. Soil C. Soil D. 3oil E.
Total
ror 5 Soil
II
^
! 1. 36.8 33.4 gr 40.5 gr 34.9 49.0 gr 195. 6 g»* ;
!
;|
1. 31. 2 It 44. 2 II 39.4 II 38.0 II 45.4 •» 198. 2 II
2. R. P. 48.6 11 36.6 II 44.5 II 34.0 II 42.2 " 205.9 II
2. B.P. 61.3 M 41. 3 n 43.3 II 34. 9 II 44.8 225.6 n
3. linr. R. P. 57.9 II 40.6 II 62.3 II 39. 2 II 45 . 9 " 245.9 " \
3. Jfor. B.P. 54.3 n 40.5 II 67.9 11 46. 6 II 62.6 " 271.9 M
:
4. ClO. R. P. 49.9 n 33.6 II 32.3 II 33.8 H 48.6" 198.2 II
4. Clo. B. P. 57.4 II 36.3 II 40.5 II 30.4 11 39.4 " 204.0
5 Mnr.Clo.R.P. 44.6 It 38.3 II 44.0 II 45.7 11 44.7 217 . 3 II
II
5.Mnr.Clo.B.P. 46. 6 II 42.3 II 50.9 II 34.7 II 51.5 " 226.0 n
.1
Total
1 for Soil
488,6 11 387.1 II 465.6 II 372. 2 II 444.1 " 2157.6
Total for
R. P. Series 245.0 II 187.9 II 223.1 It 189.2 II 198.6 " 1043.8 It
Total for
B. P. Series 243.6 II 199.2 II 242.5 II 183.0 n 245.5 " 1113.8 n
I
Owing to the fact that the clover was sowed in the oats,
its growth was influenced by the shade from the oats, as well
as by the fertilizers applied. The fertilizers produced a
negative effect upon the clover until after the oats were cut,
owing to the fact that the fertilized pots produced a more
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dense growth of the oats, which shaded the clover to such an
extent that its growth was irnpaired , this difficulty, how-
ever, was removed "by the harvesting of the oats.
Although manure proved detrimental to the growth of the
oats, its effect upon the clover was very beneficial. Pots
No. 3 demonstrating this clearly. However the increase in
produiction of pots No. 3 over pots No. 2 is not due entirely
to the effect of the manure, owing to the fact that the oat
crop was inferior on pots No. 3, which was a great "benefit to
the clover in its early development.
- -
Summary and Conclusions
Phosphorus when applied alone in either the form of
Ground Rock Phosphate or Steamed Bone Meal gave an increased
production on all soils but 35, but when applied in connection
with clover as a fertilizer the yield on every soil was greatly
increased. Soil D. did not give an increased production by
the application of phosphorus alone, owing to the fact that
nitrogen was the one element above all others that limited
its productive capacity.
The series containing Bone Meal returned the largest
yield of oats, straw, and clover. However, the increase in
yield was not great enough to justify the use of Steamed
Bone Meal in preference to the Ground Rook Phosphate, owing

22
to the fact that the cost of phosphorus in the form of Bone
Meal is approximately three times as great as when it is
purchased in the form of Ground Rock Phosphate, so that if
equal money values are used the Rock Phosphate leaves the soil
much richer in phosphorus than the Bone Meal.
This is an important consideration in planning systems
of farming to permanently maintain the fertility of the soil.
It is highly probable that if a rotation of crops were grown
and these applications of Rock Phosphate and Bone Meal were
repeated with every rotation the larger amount of phosphorus
supplied in the Rock Phosphate would in subsequent rotations
give larger yields than the Bone Phosphate,
The application of phosphorus gave an increase in the
weight of kernels, and a marked increase in the strength of
straw. This is 3 very in^ortant matter as it will help to
overcome the tendency of oats to lodge on these soils,
especially when enriched with manure or clover.
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